INTRODUCTION
Behçet's disease (BD) is an idiopathic, multisystem, chronic, and recurrent inflammatory disease characterized by major symptoms of recurrent oral and genital ulceration, uveitis, and erythema nodosum. Involvement of the intestines, vessels, and central nervous system (CNS) sometimes leads to a poor prognosis. The disease runs a chronic course-with unpredictable exacerbations and remissions whose frequency and severity may diminish with timeand can affect both genders with a worldwide distribution. 1 Vasculitis is thought to underlie the clinical manifestation of BD. [2] [3] [4] This vasculitis is distinctive because it involves both arteries and veins of all sizes. 5 These data suggest the existence of a hypercoagulable state and, therefore, a possible role for the endothelium in the pathogenesis of BD. Indeed, extensive evidence for impaired endothelial cell function is accumulating, and a role for vascular inflammation and impaired oxidative stress has been suggested. [2] [3] [4] [5] Circulating factors may be important because sera from patients with Behçet syndrome in both active and inactive states have been reported to depress nitric oxide production in cultured endothelial cells. 6 Patients may also show evidence of endothelial cell activation and hypercoagulability. 7, 8 Multiple vessel-related complica-tions, including thromboses, stenosis, occlusions, and aneurysms, can affect BD patients. A number of factors may contribute to thrombosis in individual cases, but the primary reason for clots seems to reside in the inflammatory process in the arterial wall, which is still incompletely understood. 9 It is well established in the literature that endothelial cells play an important role in the pathology of vasculitic disorders. 5, 7 In this regard, the presence of autoantibodies, mainly of the IgG class, that recognize antigens expressed on endothelial cells have been increasingly demonstrated over the last few years in a variety of diseases such as systemic lupus erythematosus (SLE), systemic sclerosis (SSc), rheumatoid arthritis (RA), microscopic polyangiitis, Kawasaki disease, and Wegener's granulomatosis, among others. [10] [11] [12] [13] [14] [15] [16] [17] Specifically in BD, some studies have shown that a circulating immunoglobulin that is able to bind to the endothelium, called anti-endothelial cell antibodies (AECA), might be present. However, no real evidence exists whether these specific antibodies exert any influence on clinical presentation and/or activity of the disease. 11, 12, 18, 19 Therefore, the purpose of the present study was to verify the prevalence of AECA in BD and analyze possible associations between these antibodies and clinical characteristics of this disease.
PATIENTS AND METHODS
In a six month period, 50 consecutive BD patients regularly attending our outpatient clinic were interviewed and had their files revised. All patients (100%) fulfilled the International Study Group for Behçet Disease classification criteria for BD 20 and signed an informed consent form on the day of their routine visit. Blood samples were collected from all 50 patients.
Thirty-seven patients were female (74%), and 13 were (26%) males, aged 24 to 66 years (mean of 44 ± 9 years). The mean age at diagnosis was 33 ± 8 years (18 to 53 years), and mean follow-up time was 10 ± 7.5 years (1 to 30 years).
Besides bipolar ulcers reported by all patients, pseudofolliculitis (66%), articular involvement (54%), inflammatory ocular lesions (54%), and erythema nodosum (52%) were the most common clinical features reported by this group of patients (Table 1) . Regarding inflammatory ocular events, uveitis was largely the most common manifestation, indicated by 25 (50%) of the 50 patients, whereas conjunctivitis was noted by only two patients. Past history of joint involvement, predominantly of ankles and knees, was described as arthralgia by five patients and arthritis by 22 patients.
Previous neurological involvement was detected in 20% of these patients; 40% of these manifested as aseptic meningitis, followed by retinal vasculitis in 2 cases and facial paralysis, intracranial hypertension (brain pseudo-tumor), and seizures in one case each.
Previous deep venous thrombosis was notified by 16% of patients, superficial venous thrombosis in 10% and arterial thrombosis was previously detected also in 10% of patients.
Clinical disease activity was defined when at least one major criterion and one minor criterion were present. Major criteria included oral ulcer, genital ulcer, cutaneous lesions (pseudo-folliculitis, erythema nodosum), and ocular active lesions, while minor criteria included the presence of arthralgia, arthritis, involvement of the central nervous system (CNS) or gastrointestinal tract, and recent thrombosis.
Twenty-three patients were considered to be currently on clinical disease activity (23%), with oral ulcers as the most common manifestations (36%), followed by pseudofolliculitis (16%) associated with articular involvement in 14% of cases.
Endothelial cell ELISA
ECV-304 endothelial cells were used to identify the antiendothelial antibody, a method previously described in several studies. [21] [22] [23] These cells were expanded in plastic flasks appropriate for cell culture and seeded onto sterile polystyrene 96-well (6 mm in diameter) microplates at a concentration of 2 x 10 4 cells/well in 100 µl medium 199 containing 10% fetal bovine serum. After culture for 24 to 48 hours at 37ºC in an incubator in a 5% CO 2 atmosphere, the plates were washed twice with magnesium-containing Hank's solution, fixed with 0.1% glutaraldehyde for 10 min at 4ºC, and then washed with distilled water. Next, 100 µl 1 Mean ± standard deviation (range). 2 Arthritis in 82%. 3 Involvement of the lower limbs in 5 patients. 4 One radial artery aneurysm and one central nervous system aneurysm. 5 Including aseptic meningitis in 5 patients.
2% bovine serum albumin (BSA) in PBS was added to each well to block non-specific immunoglobulin receptors, and the plates were incubated for 2 hour at 37º C.
After three washes with PBS, test serum diluted 1/200 in PBS-2%BSA were plated in duplicate and incubated for 2 hours at 37ºC. After a new cycle of three washes, 100 µl PBS-2%BSA containing alkaline phosphatase-conjugated human anti-IgG or anti-IgM was added to each well and incubated for 1 hour at 37º C.
After a new cycle of three washes with PBS, 100 µl pnitrophenyl phosphate at a concentration of 1 mg/ml in 10% (v/v) di-ethanol-amine buffer, pH 9.8, was added to each well, and absorbance was read every 15 min with an ELISA spectrophotometer. The reaction was stopped when the standard serum reached an optical density (OD) = 1.
Each plate contained two positive sera as standards, and two aliquots of 60 pooled normal sera with known OD were used as negative controls. A serum was considered positive when the OD was superior to the mean OD of negative control sera plus three standard deviations.
Statistical analysis
Non-parametric data were compared between groups by the chi-square test with Yates correction. Student's t-test was used to compare parametric data, with the level of significance set at 5%. An odds ratio (OR) was calculated using a 95% confidence interval (CI), and statistical significance was considered relevant when p<0.05.
RESULTS
AECA were detected in 19 (38%) patients, 13 had IgG-AECA, four IgM-AECA, and two patients had both IgG and IgM-AECA. In this series, no association was found between the presence of AECA and clinical disease activity. Only four out of the 23 patients currently with clinical disease activity had positive AECA (OR 0.16; p>0.05) ( Table 2) .
Our results showed a positive association between previous CNS involvement and the presence of circulating AECA (p=0.03; OR=5.4). Interestingly, this association was more evident with the IgG isotype (OR = 6, p=0.02, 95% CI) but was less significant when IgM-AECA was taken into account (OR = 2.33, p>0.05, 95% CI).
A trend toward increased risk for aneurysms was also observed in patients with IgG-AECA (OR = 2.58, p=0.77), which was not statistically significant probably due to the small number of cases reported (only two cases). In this series, no other clinical association was found between positive AECA and present or past clinical BD manifestation.
Almost all patients, except six cases (12%), were on a treatment specifically for BD (including prednisone, azathioprine, thalidomide, cyclosporine, colchicine, cyclophosphamide, chlorambucil, and methotrexate). The majority (34%) was taking only one drug (n=17), almost one third (30%) were treated with more than two drugs, and twelve patients (24%) were taking up to two drugs simultaneously. The most common drug used was colchicine (41 patients), followed by prednisone (24 patients). Cyclosporine (8 patients), azathioprine (7 patients) and thalidomide (4 patients) were also frequently used. Cyclophosphamide, chlorambucil, and methotrexate were prescribed for one patient each. Among the 50 patients analyzed, 23 were considered clinically active. All were on treatment and twelve of them (52%) were taking more than two drugs. Six patients (26%) were being treated with only one drug, and five patients (21%) were taking two drugs concurrently.
DISCUSSION
Antibodies to endothelial cells have been described in a variety of vasculitic disorders and were detected in 38% of our patients with BD. For the first time in the literature, we observed an important association between the presence of AECA and previous CNS involvement in BD patients, with aseptic meningitis as the most frequent lesion.
AECA are a heterogeneous group of antibodies directed against the endothelial cell membranes. 10, 11, 15 The exact involvement of AECA in autoimmune diseases and vascular manifestations in general is still poorly defined. Numerous target antigens for these antibodies have been identified, including DNA, ribosomal proteins, fibronectin, and others. 15 Several investigators have demonstrated that AECA do not have cytolytic activity against endothelial cells in patients with autoimmune diseases. 13, 18 Others, though, have observed that AECA may initiate complement binding and disrupt en- dothelial cells in culture cells from SLE and SSc patients. 14, 15 In this regard, experimental in vitro and in vivo models support a potential pathogenic role for AECA in sustaining immune-mediated vessel inflammation. Rather than being cytotoxic to endothelial cells, AECA are able to up-regulate the expression of adhesion molecules (E-selectin, intercellular adhesion molecule-1, and vascular cell adhesion molecule-1) and induce the secretion of cytokines and chemokines that cause leukocyte recruitment and adhesion in turn. 24 Furthermore, a recent idiotypic animal model has provided further evidence that AECA can be pathogenic. 25 These observations suggest that vasculitis is associated with pathologic activation of normal immune cell cytokine cascades. Abnormal expression of adhesion molecules and cytokines in vascular endothelium is a manifestation of endothelial dysfunction that can be triggered by a variety of stimuli, including infectious agents, immune complexes, and anti-endothelial cell antibodies. 26, 27 Deregulated adhesion molecule expression, uncontrolled inflammation, thrombosis, and vessel occlusion might lead to the clinical manifestations of vasculitic.
AECA have been increasingly demonstrated in a variety of diseases such as SLE, SSc, RA, microscopic polyangiitis, Kawasaki disease, and Wegner's granulomatosis, among others. [10] [11] [12] [13] [14] [15] [16] [17] In SLE and systemic vasculitis, AECA increased interleukins like IL-1, IL-6 and IL-8 16 and may be more frequent in sera of patients with active disease 12 . Although RA is a multisystemic inflammatory disease, AECA is not a marker of this specific disease activity. Nevertheless, the presence of AECA is mostly detected in those cases complicated by vasculitis. 13 In BD, other investigations have found a prevalence of positive AECA that ranged from 18.1 to 50% of the patients analyzed. 11, 12, 18, 19 In our series, we detected a similar frequency and an important association between AECA and previous CNS involvement, mainly aseptic meningitis. Reinforcing our findings, Pivetti-Pezzi et al. 28 found an association between AECA and retinal vasculitis, which may also be considered as a central nervous vascular manifestation. In contrast to other studies, we did not observe an association between clinical disease activity and the presence of AECA. 18, 19 Regardless, it might be interesting to emphasize that, in our series, all BD patients clinically considered to have an active disease were receiving immunosuppressive drugs, which may explain the lack of association between AECA and disease activity.
Aseptic meningitis is characterized by an increase in the number of lymphocytes in the cerebrospinal fluid in the absence of a known etiologic agent. This positive relationship of AECA and CNS involvement permits us to speculate whether endothelial activation is responsible at least in part for the previously described increase in cerebrospinal fluid cellularity. Strengthening this hypothesis, Hirohata et al. 29 demonstrated the clinical relevance of the presence of immunoglobulins, especially IgM, in the cerebrospinal fluid of patients with BD and current neurological symptoms. The same findings were reproduced by Sharief et al. 30 suggesting that cerebrospinal fluid immunoglobulins such as IgM and possibly IgA might be markers of acute neurological damage in BD. Therefore, the presence of AECA in our BD patients might indicate a previous CNS injury, denoting a more severe disease. In addition, the stronger association of previous CNS involvement with the IgG AECA subtype might reflect an immunological background, consequently lowering the relevance for AECA's IgM form.
In addition to the association between AECA and CNS involvement, we also observed a trend of an increased risk of aneurysms in AECA-positive patients, which was not statistically significant, probably due to the small number of cases reported. In fact, Aydintug et al. 18 have already demonstrated an association of the presence of AECA in BD with vascular damage. Acute thrombosis as a manifestation of clinical activity was associated with AECA but not previous thrombosis, suggesting a more intense relationship during the acute event. On the other hand, Cervera et al. 19 detected AECA in all four BD patients with a previous history of thrombotic events.
Enhanced inflammatory response and over-expression of pro-inflammatory cytokines are the prominent features of BD. 26 There is also evidence of antigen-driven immune responses in BD, but this possibly develops on the background of enhanced innate immune reactivity. 26 Delineation of the similarities of BD to other AECA positive auto-inflammatory diseases may help to clarify its pathogenesis and identify missing links in the shared inflammatory and/or thrombotic pathways, leading towards a better delineation of the varied and complex manifestations presented by BD patients.
In conclusion, we should emphasize that, independently of the role AECA antibodies may have in the pathogenesis of BD, they might be a marker of more severe disease. Consequently, prospective studies involving AECA-positive BD patients may be necessary to effectively prove such a relationship.
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